obesity and overweight in children and adolescents is increasing rapidly worldwide; however, scarce data have been reported from South America countries. With the purpose of assessing hyperlipidemia, insulin resistance and chronic inflammation, the evaluation of blood biomarkers such as glucose, lipoproteins and chronic inflammation proteins is required. In the context of the SAYCARE study, in children and adolescents (3 to 18 years) from seven South American cities, our aim was to assess the impact of pre analytical conditions on different biomarkers evaluated in 474 fresh serum samples, in different country centers. We also evaluated the stability according to time and frozen storage within this study across the concordance of the results obtained from the 49 blood samples measured in three different centers. Significant correlations as well as concordance were observed in TG, Total-C, HDL-C and glucose between Buenos Aires and São paulo. the samples evaluated in teresina and São paulo presented similar results, with exception of total cholesterol. We observed acceptable concordance between Buenos Aires vs São paulo and teresina vs São paulo, suggesting that samples could be processed in each of these centers. This concordance is a consequence of the strict pre analytical conditions previously established in the SAYcARe study.
Sample collection. In order to ensure traceability and sampling conditions, previous meetings among the coordinators of each center were performed. A procedure sequence of the sampling and shipping process was design ( Fig. 1 ). According to this, participants attended with 12 h fasting at school and samples were obtained between 8:30 and 9:00 am. Before sampling, each participant was identified with all the necessary data for incorporation into the laboratory information system (LIS), ie: full names, birth date and document number. The signing of informed consent authorized by their parents or a responsible adult was verified. The participants were in a seated position for the puncture; after selection of the puncture site, it was cleaned with 70% alcohol and the tourniquet was placed for less than three minutes, in order to avoid venous stasis and according to CLSI guideline 4 . Venous blood samples were collected by experienced phlebotomists; samples were taken through the same venipuncture site with butterfly system, in Vacutainer tubes system (Becton Dickinson, UK) with ethylenediaminetripotassium (EDTA K3, lilac cap) for hematologic determinations, and tubes with gel separator without additives for clinical chemistry determinations in serum (gold cap). Tubes were identified with a unique bar code in order to guarantee the traceability between the patient and the samples. The tube with gel separator without additives was first loaded, and then the tube with anticoagulant; both were fully loaded until exhausting the vacuum.
Storage and transportation conditions. After sampling, tubes were placed in racks in vertical upright position in transportation boxes and stored in the dark, at 4 °C, and boxes were transported to the laboratory. Once in the laboratory samples were immediately deposited in the management samples area, registered in the LIS and sent to the analytical area. Samples were centrifuged for 15 min at 2200 g and 20 °C, within 30-90 min after sample collection. Hematologic and clinical chemistry determinations were performed immediately. Serum was divided in three aliquots, and stored in cryotubes. Two of them were analyzed in the country of origin, and the third tube was sent by a specialized transportation company, at −70 °C, to São Paulo for review and evaluation of reliability.
Twenty-seven serum samples from Buenos Aires and twenty two from Teresina, measured in the corresponding local laboratory, were also used to test the stability of different biomarkers during sample transport at the reference laboratory in São Paulo. To ensure traceability and optimal transport conditions from Buenos Aires and from Teresina to São Paulo, international guidelines such as Good Clinical Practices, Good Laboratory Practices, regulations of International Conference of Harmonization and the International Air Transport Association (IATA) 13 were performed. In the reference laboratory, samples were measured in the same run.
Results
From a total of 1323 children and adolescents recruited in the SAYCARE study, 474 blood samples were collected with 12 h fasting, from 5 centers (108 in Buenos Aires-Argentina, 75 in São Paulo and 53 in Teresina-Brazil, 211 Medellin-Colombia, and 27 in Lima-Peru). Age and sex distribution of children and adolescents who were included in the study are depicted in Table 1 .
In each center samples were obtained under the same conditions, according to the designed procedure sequence. In Supplementary Files, glucose, lipoprotein profile, ferritin, iron and hs-CRP data can be observed. Similar results in serum concentrations of glucose and lipoprotein profile, in children and adolescents, were obtained among the different centers ( Supplementary File 1) . In a subgroup of children and adolescents from When comparing the same sample in Buenos Aires and São Paulo, significant correlations were observed in TG, Total-C, HDL-C and glucose ( Fig. 2a ). An excellent concordance between these centers was observed. The Bland-Altman figure for these concordances can be seen in Fig. 2b . Regarding the correlations of parameters evaluated in the local laboratory of Teresina vs in São Paulo laboratory,TG, HDL-C and glucose directly correlated between both centers, while no correlation was found in Total-C between centers (Fig. 3a) . Moderate concordances between these centers were obtained as seen in Fig. 3b .
According to these results, the storage and shipment of samples according to the international guidelines applied have slightly influence on the stability of the evaluated parameters.
Discussion
In this study we assessed several analytical biomarkers, evaluated in blood samples from male and female children and adolescents from five South American countries, after applying a standardized protocol previously designed in accordance to the international guidelines for blood sample collection. We also show the concordance among different biomarkers, evaluated in the same sample in two different centers in comparison to the headquarter center.
In clinical epidemiological multicenter studies, quality assurance in the pre analytical stage is essential for the precise interpretation of the results from the Clinical Biochemistry Laboratory. The quality assurance and harmonization of all the procedures in this stage begin with managing the correct selection of biomarkers that will ensure the identification of risk factors or its association with metabolic disturbances, this is considered the "pre analytical stage" 2,17 . This stage, which also includes the drafting of the informed consent and the standardization of patient preparation, is patient-centered and is very important in order to reduce bias between different laboratories. With the purpose of reducing pre-analytical errors, investigators from each participating center were involved in the planning and development of the protocol, which included the study design. The identification and preparation of the patient and the sample collection, transport, handling and storage for the selected studies were previously coordinated according to international recommendations 17, 18 . Prior to blood sampling, conditions pertinent to sample collection, such as fasting status, use of medications or physical activity, body posture during the sampling and type of sampling materials were standardized among the participant centers 19 . Table 3 . Stability tests of TG, Total-C, HDL-C and glucose performed in Teresina and São Paulo.
Moreover, the quality of sample collected may be affected by conditions determined by different countries´ populations features, like ambient temperature, distance between the place of the specimen collection and the local laboratory, typical mealtimes or sleeping characteristics. In reference to the sample stability after collection, such as temperature, time until serum separation or processing and storage, documentation and shipping conditions were also to be specified and standardized 13 .
Some limitations must be considered; we analyzed concordance and correlations between samples from three centers, because only Buenos Aires and Teresina laboratories were able to send the samples to São Paulo. However, our sample size was sufficient to test the main objective of this paper; in a post-hoc sample size estimation analysis we proved that our sample was reliable to assess the effect of pre analytical conditions on the results after transportation. Moreover, the sample selection included private and public schools.
Regarding the standardization of these factors, an excellent concordance and correlation was obtained in all the evaluated parameters between Buenos Aires and São Paulo. Concerning the comparison between parameters measured in Teresina and São Paulo, concordance and correlations were slightly lower than those observed between Buenos Aires and São Paulo. The lack of correlation in Total-C between Teresina and São Paulo could be due to the selection of different reference standards in both centers, which causes a variation in the standardization of the assay. To improve the comparison between centers, the harmonization in the use of reference materials between all laboratories is recommended. However, given the excellent concordance observed between Buenos Aires and Teresina vs São Paulo, samples could also be processed in each of these centers. This concordance is a consequence of the strict pre analytical conditions previously established in the SAYCARE study. Our results suggest that money and time can be reduced in the blood samples analysis, and the results can be quickly informed to the patients because waiting for headquarter center to proceed the blood analysis is not necessary.
Regarding differences in some metabolic parameters among centers, most of them could be consequence of different food style (or eating habits), such as the higher Total-C and HDL-C observed in male from Buenos Aires in comparison to those from Lima and the variability in ferritin levels between centers 20,21 . Besides, other parameters could be affected by the different methodologies applied in each center, as in the case of hs-CRP, which, www.nature.com/scientificreports www.nature.com/scientificreports/ even though it did not surpass the reference value, it was clearly higher in Buenos Aires, in comparison to the other centers. Either way, it must be highlighted that in all the centers standardized methods with low variation coefficients were used.
Our study presents some limitations, such as the high rate of refusal to participate in the blood sample collection. Other limitation was the low number of samples that were contrasted with the reference laboratory in São Paulo. However, our results from the SAYCARE blood sample collection provide valuable results regarding future multicenter studies.
